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FRICTIONAL TISSUE SAMPLING AND
COLLECTION METHOD AND DEVICE

PRIORITY CLAIM

This application claims priority to the U.S. Provisional
Application No. 61/318,128, entitled “FRICTIONAL TIS-
SUE SAMPLING AND COLLECTION METHOD AND
DEVICE” by Neal M. Lonky filed Mar. 26, 2010. This appli-
cation is herein expressly incorporated by reference in its
entirety.

CROSS REFERENCE TO RELATED
APPLICATION

This application is related to the following applications: (1)
United States Utility patent application Ser. No. 12/669,638,
entitled “FRICTIONAL TRANS-EPITHELIAL TISSUE
DISRUPTION AND COLLECTION APPARATUS AND
METHOD OF INDUCING AND/OR AUGMENTING AN
IMMUNE RESPONSE” by Neal M. Lonky et al., filed Jan.
19,2010, and (2) United States Utility patent application Ser.
No. 13/072,773, entitled “FRICTIONAL TRANS-EPITHE-
LIAL TISSUE DISRUPTION COLLECTION APPARATUS
AND METHOD OF INDUCING AN IMMUNE
RESPONSE” by Neal M. Lonky et al., filed on the same date
as this application. These applications (1)-(2) are herein
expressly incorporated by reference in their entireties.

FIELD OF THE INVENTION

This invention relates to a method of and device for obtain-
ing a biopsy tissue sample.

BACKGROUND OF THE INVENTION

A lesion is caused by any process that alters or damages
tissue. A lesion can be defined as any pathological or trau-
matic discontinuity of tissue with partial loss of tissue func-
tion. The concept of a lesion includes wounds, sores, ulcers,
tumors, cataracts and any other tissue damage. Lesions can
range from the skin sores associated with eczema to the
changes in lung tissue that occur in tuberculosis. Generally, a
lesion can be characterized by the epithelium covering the
connective tissue becoming fragile, leading to ulceration and
bleeding.

Human papillomaviruses (HPV) are responsible for many
cutaneous and mucosal lesions. Some viral genotypes are
considered to be the causal agents of cervical cancer. Natural
genital HPV infection seems to be poorly immunogenic
because of its nonproductive and non-inflammatory charac-
teristics and also because of mechanisms developed by the
virus to counteract the immune response. Cervicovaginitis
refers to inflammation of the squamous epithelium of the
vagina and cervix caused by an inflammatory reaction to an
infection. This damage leads to desquamation and ulceration,
which can cause a reduction in the epithelial thickness due to
loss of superficial and part of the intermediate layers of cells.
In the deeper layers, the cells are swollen with infiltration of
neutrophils in the intercellular space. The surface of the epi-
thelium is covered by cellular debris and inflammatory
mucopurulent secretions. The underlying connective tissue is
congested with dilatation of the superficial vessels and with
enlarged and dilated stromal papillae. Rare and uncommon
cervical infections, due to tuberculosis, schistosomiasis and
amoebiasis, cause extensive ulceration and necrosis of the
cervix with symptoms and signs mimicking invasive cancer.

15

30

40

45

50

55

2

Herpes simplex virus (HSV) can be present on the mucosal
lining of the mouth or genitals. A large coalesced ulcer due to
HSV can also mimic the appearance of invasive cancer.
Chronic inflammation causing recurrent ulceration and heal-
ing of the cervix can result in a distortion of the cervix.
Infections with the pathogenic fungi Cryprococcus neofor-
mans, Histoplasma capsulatum, and Coccidioides immitis
can be disseminated and some, e.g., C. neoformans, can result
in pneumonia or meningitis. Longstanding viral, bacterial,
fungal or protozoal infection and inflammation may lead to
white or pink appearance as a result of fibrosis.

Previous devices to obtain a biopsy sample include brushes
with rigid bristles that puncture and shear epithelial surfaces
(U.S. Pat. No. 5,535,756 “Catheter with simultaneous brush
cytology and scrape biopsy capability”, U.S. Pat. No. 6,258,
044 “Apparatus and method for obtaining transepithelial
specimen of a body surface using a non-lacerating tech-
nique”, U.S. Pat. No. 6,494,845 “Retractable brush for use
with endoscope for brush biopsy” and U.S. Pat. No. 6,132,
421 “Integrated epithelial removal tool”), single metal or
plastic curettes that extend in a parallel direction to the appli-
cator handle and are much larger than the innovation (U.S.
Pat. No. 4,641,662 “Endocervical curette system” and U.S.
Pat. No. 6,730,085 “Surgical biopsy instrument™), scalpels or
similar bladed sharp cutting tools (U.S. Pat. No. 5,857,982
“Apparatus and method for removing tissue”, U.S. Pat. No.
5,800,362 “Cervical biopsy device”, U.S. Pat. No. 3,774,590
“Uterine Specimen Collecting Method”, U.S. Pat. No. 5,092,
345 “Uterine cell sampler”, U.S. Pat. No. 4,061,146 “Tissue
macerating instrument”, U.S. Pat. No. 5,868,668 “Surgical
instrument”, U.S. Pat. No. 6,053,877 “Movable sample tube
multiple biopsy sampling device”, U.S. Pat. No. 5,470,308
“Medical probe with biopsy stylet”, U.S. Pat. No. 7,137,956
“Endoscopic submucosal core biopsy device”, U.S. Pat. No.
4,168,698 “Endocervical strip biopsy instrument” and U.S.
Pat. No. 4,757,826 “Endocervical biopsy instrument”; and
U.S. Publication Nos. 2005/0059905 “Tissue extraction and
maceration device” and 2007/0093727 “Cervical tissue
biopsy system and methods of use™), or very large electrified
metal loops used to produce excisional biopsies (U.S. Pat. No.
5,913,857 “Methods and devices for collection of soft tissue™
and U.S. Pat. No. 5,951,550 “Endocervical conization elec-
trode apparatus™). One device performs simultaneous brush
cytology and scrape biopsy on structures with an organic duct
(U.S. Pat. No. 5,535,756, “Catheter with simultaneous brush
cytology and scrape biopsy capability™). U.S. Pat. No. 5,643,
307 “Colposcopic Biopsy Punch with Removable Multiple
Sample Basket” has also been proposed to obtain biopsy
samples when examining the cervix.

SUMMARY OF THE INVENTION

There is significant incentive for being able to obtain a
biopsy sample of cells from a lesion in a manner which
involves minimal pain and in the least intrusive manner. In an
embodiment of the present invention, an apparatus for obtain-
ing a biopsy sample includes a handle, a flat, concave or
convex surface at a distal end of the handle, and a fabric for
functionally abrading tissue surfaces applied to the surface. In
an embodiment of the present invention, an apparatus for
obtaining a histological sample includes a handle, a flat, con-
cave or convex facet surface on the head at a distal end of the
handle, and a fabric for functionally abrading epithelial sur-
faces. In an alternative embodiment of the present invention,
an apparatus for obtaining a histological sample includes a
handle, a flat, concave or convex facet surface on the head at
a distal end of the handle, and a fabric for functionally abrad-
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ing epithelial surfaces including a backing material and a
plurality of fenestrated loops attached to the backing material.
A concave facet surface with an adherent abrasive fabric
allows the handle to be rotated and remain on the desired
location to collect a biopsy from convex tissue surfaces. A
convex facet surface with an adhered abrasive fabric allows
the hand to be rotated and remain on the desired location to
collect a biopsy from concave tissue surfaces. A flat facet
surface with an adherent abrasive fabric allows the hand to be
rotated and pressed completley without allowing gaps
between the abrasion material and a flat surface tissue to be
sampled when collecting a biopsy. In an embodiment of the
present invention, the device and the fabric are made of mate-
rials that allow the fabric to be ultrasonically welded to the
device. In an alternative embodiment of the present invention,
the fabric is attached to the device using an adhesive. In
various embodiments of the present invention, an ultra violet
(UV) light activated adhesive can be used to affix the fabric to
the device. A railing or dam can be introduced onto the facet
of'the head of the device and the UV light activated adhesive
is placed within the confines of the dam made on the facet by
the railing.

BRIEF DESCRIPTION OF THE DRAWINGS

This invention is described with respect to specific embodi-
ments thereof. Additional features can be appreciated from
the Figures in which:

FIG. 1 is an apparatus for frictional trans-epithelial tissue
disruption of an epithelial flat surface;

FIG. 2 is an apparatus for frictional trans-epithelial tissue
disruption of an epithelial lined canal surface with tapered
cone tip. A) Side view, B) oblique view, C) top view;

FIG. 3 is a schematic diagram showing a method of fric-
tional trans-epithelial tissue disruption of A) a flat epithelial
surface, or B) an epithelial surface of a canal or body cavity;

FIG. 4 is a frictional trans-epithelial tissue disrupter with a
motorized or vibratory handle used to spin or agitate the
fenestrated loops;

FIG. 5 is a schematic diagram of an apparatus with a
detachable platform that anchors fiber loops at a distal end of
the handle;

FIG. 6 is a schematic diagram of frictional trans-epithelial
tissue disruption. A) Representation of tissue with a squa-
mous epithelial lined surface. B) Application of the frictional
biopsy device to the body surface. C) Simultaneous pressure,
agitational, and rotational force splays and separates the
hooks/loops. Frictional abrasive forces create heat which
buckles the epithelial surface. D) Sufficient abrasion creates
shearing and fracture of the epithelial surface at varying
depths which can include fracture through the basement
membrane into the subcutaneous layer. E) The hooks insinu-
ate into the fracture plane, and with additional abrasive forces
continue to shear the tissue fragments, while simultaneously
retaining the tissue for capture and collection. F) At the
completion of the biopsy process, the collection of hooks
arranged in rows create channels which collect and sequester
the tissue and cell cluster fragments within the channels cre-
ated in the device. When the device is removed from the
epithelial surface, additional sample is captured and held due
to the flexibility and recoil of the hooks;

FIG. 7(A) is a side view of a focal biopsy apparatus,
depicted at the outer lip of the cervix (exocervix);

FIG. 7(B) is a schematic diagram of an apparatus for focal
biopsies with an enlarged view of the platform and loops;

FIG. 8(A) is a side view of an apparatus for simultaneous
biopsy of epithelial surfaces and canal-like surfaces. Longer
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central core fibers to insinuate into a canal and a perimeter of
approximately 3 mm fibers contact an outer epithelial sur-
face;

FIG. 8(B) is a schematic diagram of an apparatus for simul-
taneous biopsy of epithelial surfaces and canal-like surfaces
with enlarged view of platform and loops;

FIGS. 9(A) and (B) are flowcharts showing the use of the
Frictional Tissue Sampling and Collection (FTSC) device
used to take an endo-cervical biopsy sample in accordance
with an embodiment of the invention;

FIG. 10 is a schematic side view of an exo-cervical FTSC
device in accordance with an embodiment of the invention;

FIG. 11(A) is a schematic side view of an endo-cervical
FTSC device in accordance with an embodiment of the inven-
tion;

FIG. 11(B) is an expanded side view of an endo-cervical
FTSC head with a single diamond shaped facet in accordance
with an embodiment of the invention;

FIG. 12(A) is a schematic side view of an exo-cervical
FTSC device in accordance with an embodiment of the inven-
tion;

FIG. 12(B) is a schematic front view of an exo-cervical
FTSC in accordance with an embodiment of the invention;

FIG. 12(C) is a schematic side view of an endo-cervical
FTSC device showing a single facet in accordance with an
embodiment of the invention; FIG. 12(D) is a schematic front
view of an endo-cervical FTSC device showing a hybrid
diamond-pear shaped facet in accordance with an embodi-
ment of the invention;

FIG.13(A)is aside view of an FTSC device with a cylinder
extending from the distal surface of a disc and the disc con-
nected to the handle and the collection material attached on
the distal surface of the cylinder in accordance with an
embodiment of the invention;

FIG.13(B)is a side view of an FTSC device witha cylinder
extending from the distal surface of a disc and the disc con-
nected to a handle in accordance with an embodiment of the
invention;

FIG. 13(C) is an expanded side view of an FTSC device
with a cylinder extending from the distal surface of a disc as
shown in FIG. 13(B) and the collection material attached on
the distal surface of the disc and collection material attached
to the distal surface of the cylinder in accordance with an
embodiment of the invention;

FIG. 13(D) is a side view of an FTSC device with an
elongated cylinder extending from the distal surface of a disc
in accordance with an embodiment of the invention and the
disc connected to a handle;

FIG. 13(E) is an expanded side view of an FTSC device
with an elongated cylinder extending from the distal surface
of'a disc as shown in FIG. 13(D) and the collection material
attached on the distal surface of the disc and the surface of the
cylinder in accordance with an embodiment of the invention;

FIG. 13(F) is a side view of an FTSC device with a cylin-
drical facet extending from the distal surface of a disc and the
disc connected to a handle in accordance with an embodiment
of the invention;

FIG. 13(G) is a side view of an FTSC device with an
elongated cylinder with a rounded tip extending from the
distal surface of a disc in accordance with an embodiment of
the invention and the disc connected to a handle;

FIG. 13(H) is a side view of an FTSC device with a cylin-
drical facet extending from the distal surface of a cone shaped
disc and the disc connected to a handle and the collection
material attached on the distal surface of the cylinder in
accordance with an embodiment of the invention;
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FIG. 13(J) is an expanded side view of an FTSC device
with a cylinder extending from the distal surface of a cone
shaped disc and the collection material attached on the distal
surface of the cone shaped disc and collection material
attached to the distal surface of the cylinder in accordance
with an embodiment of the invention;

FIG. 14 is a schematic of an expanded side view of (A) 2
mm Velcro® and (B) 3.1 mm Kylon® material;

FIG.15(A) s an exploded schematic front view FIG. 12(D)
of an endo-cervical FTSC device showing a railing or dam
around the circumference of the hybrid diamond-pear shaped
facet in accordance with an embodiment of the invention;

FIG. 15(B) shows a cross section of the endo-cervical
FTSC device with a railing or dam wherein the hybrid dia-
mond-pear shaped facet is flat;

FIG. 15(C) shows a cross section of the endo-cervical
FTSC device with a railing or dam wherein the hybrid dia-
mond-pear shaped facet is convex; and

FIG. 15(D) shows a cross section of the endo-cervical
FTSC device with a railing or dam wherein the hybrid dia-
mond-pear shaped facet is concave.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The transitional term “comprising” is synonymous with
“including,” “containing,” or “characterized by,” is inclusive
or open-ended and does not exclude additional, unrecited
elements or method steps.

The transitional phrase “consisting of” excludes any ele-
ment, step, or ingredient not specified in the claim, but does
not exclude additional components or steps that are unrelated
to the invention such as impurities ordinarily associated with
a composition.

The transitional phrase “consisting essentially of” limits
the scope of a claim to the specified materials or steps and
those that do not materially affect the basic and novel char-
acteristic(s) of the claimed invention.

As used herein, the term “abrasive material” refers to
“toothbrush” bristle brush design, twisted strands of metal
wire, twisted strands of plastic fibers, steel wool, corrugated
plastic, Velcro® and Kylon®. As used here the term “fenes-
trated loop” refers to a hooked, “candy-cane” shape formed
by severing a loop, wherein a short, hooked end is less than
approximately 50% of the length of the loop. In some
embodiments, a fenestrated loop is formed by severing a loop
once, leaving a short arm adjacent to the fenestrated loop.

A “facet’ is a surface that is cut into the head of a biopsy
device, where the surface’s contour differs from the contour
of the head of the biopsy device. The term ‘facet’ is used in
analogy to a facet of a gem, where the gem facet has a surface
contour that differs from the other surface contours of the
other facets of the gem. A facet that is cut at an angle of 30
degrees relative to the major axis of the head of the biopsy
device is equivalent to a ‘point’ cut in a gem that can produce
one side of an octahedron. A facet that is cut at an angle of 3-9
degrees relative to the major axis of the head of the biopsy
device can be thought of as equivalent to one of the 30 odd
cuts in a gem’s crown to produce a ‘brilliant’. In contrast to
the facet of a gem which is flat, the facet cut in the head of a
biopsy device can have a concave or convex surface contour.
That is a flat facet of a biopsy device has neither a positive nor
a negative radius of curvature. A convex facet of a biopsy
device has a positive radius of curvature relative to the flat
facet. A concave facet of a biopsy device has a negative radius
of curvature relative to the flat facet. The curvature of a
cylinder or rod will be referred to as positive in contrast to the
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negative curvature of a concave facet cut into the cylinder or
rod. The curvature of a convex facet cut into the cylinder or
rod will be referred to as positive.

The maximum overall diameter of a FTSC device with one
facet is the sum of the maximum diameter of the head and the
length of the abrasive material attached to the facet. The
overall diameter of a FTSC device at a point on the one facet
is the sum of the diameter of the head at that point and the
length of the abrasive material attached to the facet.

In the following description, various aspects of the present
invention will be described. However, it will be apparent to
those skilled in the art that the present invention may be
practiced with only some or all aspects of the present inven-
tion. For purposes of explanation, specific numbers, materi-
als, and configurations are set forth in order to provide a
thorough understanding of the present invention. However, it
will be apparent to one skilled in the art that the present
invention may be practiced without the specific details. In
other instances, well-known features are omitted or simpli-
fied in order not to obscure the present invention.

Parts of the description will be presented in data processing
terms, such as data, selection, retrieval, generation, and so
forth, consistent with the manner commonly employed by
those skilled in the art to convey the substance of their work to
others skilled in the art. As is well understood by those skilled
in the art, these quantities (data, selection, retrieval, genera-
tion) take the form of electrical, magnetic, or optical signals
capable of being stored, transferred, combined, and otherwise
manipulated through electrical, optical, and/or biological
components of a processor and its subsystems.

Various operations will be described as multiple discrete
steps in turn, in a manner that is most helpful in understanding
the present invention; however, the order of description
should not be construed as to imply that these operations are
necessarily order dependent.

Various embodiments will be illustrated in terms of exem-
plary classes and/or objects in an object-oriented program-
ming paradigm. It will be apparent to one skilled in the art that
the present invention can be practiced using any number of
different classes/objects, not merely those included here for
illustrative purposes.

Systems and methods in accordance with embodiments of
the present invention can provide for improved presentation
and interaction with digital content and representations of
digital content. Representation as used herein includes, but is
not limited to, any visual and/or audible presentation of digi-
tal content. By way of a non-limiting example, digital images,
web pages, digital documents, digital audio, and other suit-
able content can have corresponding representations of their
underlying content. Moreover, interfaces such as graphical
user interfaces can have corresponding representations of
their underlying content.

The invention is illustrated by way of example and not by
way of limitation in the figures of the accompanying drawings
in which like references indicate similar elements. It should
be noted that references to ‘an’ or ‘one’ embodiment in this
disclosure are not necessarily to the same embodiment, and
such references mean at least one.

In an embodiment of the present invention, the FTSC head
sampling surface takes on the shape of the site to be sampled.
In an analogy to a key designed to fit a lock, where the key can
be duplicated by making an impression of the key in clay and
then duplicating the shape left in the clay; the FTSC head can
be shaped to fit the contour of a particular sampling area. In an
embodiment of the invention, the FTSC head is intended to
sample from the area of the cervix most at risk for a neoplastic
transformation. In an embodiment of the invention, by adjust-
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ing the surface of the FTSC head, the FTSC head can sample
the transformation zone. In an embodiment of the invention,
by adjusting the surface of the FTSC head, the FTSC head can
sample the exocervix.

In various embodiments of the present invention, the FTSC
device and the fabric are made of materials such that the
hooks of the fabric can be secured to the base or facet of the
device. In an embodiment of the present invention, the device
and the fabric are made of materials that allow the fabric to be
ultrasonically welded to the device. In an embodiment of the
present invention, the device and the loops are made of the
same materials and the loop can be ultrasonically welded to
the device. For example, nylon loops can be ultrasonically
welded to a nylon facet implanted in the curette. Alternatively,
nylon loops can be ultrasonically welded to a nylon curette
head on the facet. In another embodiment of the present
invention, the hooks can be extruded through injection mold-
ing during the process of injection molding the curette. In an
alternative embodiment of the present invention, the hooks of
the fabric can be attached to the device using an adhesive. For
example, an ultra violet (UV) light activated adhesive can be
used to affix the fabric to the device. A railing can be intro-
duced onto the facet of the device and the UV light activated
adhesive can be placed within the confines of the dam made
by the railing. FIG. 15(A) shows an exploded schematic front
view of the endo-cervical FTSC device shown in FIG. 12(D)
with a head 1680 and a facet 1692, where a railing surrounds
the circumference of the hybrid diamond-pear shaped facet
according to an embodiment of the invention. The dotted line
1662 traces the outline of the outer perimeter of the facet
1692, while the continuous line traces the inner perimeter of
the railing 1664, which defines the dam 1666. FIG. 15(B)
shows a cross section (section B-B) of the endo-cervical
FTSC device with a railing 1664 which acts as a dam, wherein
the hybrid diamond-pear shaped facet is flat. In an embodi-
ment of the invention, FIG. 15(B) is a 4:1 scale of the FTSC
device and the railing dimensions are height 1672=0.015
inches, width 1674 (i.e., the distance between the dotted line
1662 and continuous line 1664)=0.012 inches, and the dam
1666 breadth at its widest=0.25 inches. FIG. 15(C) shows a
cross section (section B-B) of the endo-cervical FTSC device
and the outer perimeter of the railing 1662 with a railing
which acts as a dam, wherein the facet is convex. FIG. 15(D)
shows a cross section (section B-B) of the endo-cervical
FTSC device with a railing (inner perimeter 1664) which acts
as a dam, wherein the facet is concave. In an embodiment of
the invention, the railing allows sufficient adhesive to be
retained in the dam so that hooks are bound to the facet. In an
unexpected result, using a railing and adhesive to adhere
material in which the hooks had previously been adhered
significantly decreased the amount of hooks that were shed or
broken off from the FTSC head during sampling. In this
manner, the railing and the ability to dam the adhesive so that
the adhesive bound individual hooks to the facet increased the
amount of tissue retained using the FTSC sampling head.

The fabric pad can then be moved towards the adhesive
containing facet on the pad backing allowing the pad to be
recessed into the cavity created by the marginal glue dam. In
an unexpected result, the use of the UV light activated adhe-
sive was observed to also stabilize the lateral hooks in the
fabric, reducing the risk of the hooks and thereby the particu-
late matter shedding during clinical use.

A biopsy can resolve the causative agent in many if not all
of the lesions that are formed from viral, bacterial, fungal or
protozoa infections. In the case of HSV, the sample must
include cells, not just fluid from the blister, since the virus is
in the skin cells of the blister or ulcer. The sample from a
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lesion or blister collected during an acute outbreak can be
used to identify the agent based on the growth of the virus or
substances related to the virus.

Plex ID™ is a high-throughput system based on poly-
merase chain reaction (PCR) and mass spectrometry analysis
to enable identification of pathogens within six to eight hours.
Plex ID™ can detect and characterize a broad range of micro-
organisms in a given sample, including viruses, bacteria and
fungi. Although Plex ID™ is not currently intended for use in
diagnostic procedures, it is available for use in unregulated
areas such as epidemiologic surveillance, biological research,
environmental testing, and forensic research. Plex ID™ has
been shown to detect viral isolates from adenovirus, alphavi-
rus, enterovirus, flavivirus, HSV and human parvovirus B19
with a limit of detection ranging from 15 to 125 copies.
Focal Biopsy

In various embodiments of the present invention, a trans-
epithelial Frictional Tissue Sampling and Collection (FTSC)
device can be used to perform biopsies of lesions suspected of
harboring disease. Clinicians are used to a rotational soft
bristle brush to collect endocervical cytology. This soft bristle
brush is rotated, with the soft bristles removing superficial
cells. When a deeper biopsy is required after an abnormal pap
smear or to evaluate the cause of vaginal bleeding, clinicians
currently use a sharp edge curette. A sharp edge curette is not
designed to and customarily is not rotated to obtain a biopsy.
Instead, it is repeatedly inserted, then withdrawn against the
canal beginning at a reference point. As the cervix is cylin-
drical with a circiular face, the clinician typically starts at a
reference point, usually 12:00 o’clock position, and shift,
rotating to all positions around the clock, sequentially back
and forth rotated as itis pushed in and pulled back. A clinician
may use the sharp curette, most commonly the Kevorkian
curette, and scrapes the cervical os surface to accumulate
cells. The to and from scraping motion shears epithelium and
cells which lie free in the canal and are later collected, as the
curette is not also designed to collect the majority of tissue
harvested. The procedure with the Kevorkian curette is both
painful and can cause trauma to the cervix, as it shaves and
detaches the epithelium from the underlying stroma.

Currently a clinician can choose an exo-cervical FTSC or
an endo-cervical FTSC biopsy tool. In an embodiment of the
invention, a clinician can choose a hybrid exo-cervical/endo-
cervical FTSC screening biopsy tool. As shown in FIG. 13(H)
in an embodiment of the invention, the clinician fits the cyl-
inder 1335 of the hybrid exo-cervical/endo-cervical screen-
ing biopsy tool projecting from the larger disk 1330 into the
cervical os canal. As shown in FIG. 13(F) in an embodiment
of the invention, the surface of one or both the facet 1336
present on the cylinder 1335 and the face 1331 of the disc
1330 contact one or both the squamo-columnar junction and
the endo-cervical columnar epithelium. In an embodiment of
the invention, the disc 1330 can have a diameter of approxi-
mately 35 mm. In an alternative embodiment of the invention,
the disc 1330 can have a diameter of approximately 25 mm. In
an embodiment of the invention, the cylinder 1335 can have a
diameter of approximately 9 mm. In an embodiment of the
invention, the cylinder 1335 can have a diameter of approxi-
mately 6 mm. In an embodiment of the invention, the cylinder
1335 can have a diameter of approximately 3 mm.

In an embodiment of the invention, a lesional biopsy site
sampled with the FTSC device can be no larger than approxi-
mately 3 mm in diameter. In an alternative embodiment of the
invention, a lesional biopsy site sampled by the FTSC device
can be no larger than approximately 6 mm in diameter. In
another embodiment of the invention, a lesional biopsy site
sampled by the FTSC device can be no larger than approxi-
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mately 10 mm in diameter. In an embodiment of the inven-
tion, alesional biopsy site sampled by the FTSC device can be
no larger than the diameter of the FTSC device head at a
position 4 mm distal from the tip. In an alternative embodi-
ment of the invention, a lesional biopsy site sampled by the
FTSC device can be no larger than the diameter of the FTSC
device head at a position 9 mm distal from the tip. In an
embodiment of the invention, a lesional biopsy site sampled
by the FTSC device can be no larger than a focal biopsy.

Inan embodiment of the invention, lesions are accessible to
an examiner during routine examination. In an alternative
embodiment of the invention, lesions are not accessible to an
examiner during routine examination. In another embodi-
ment of the invention, access to lesions requires surgery. In an
embodiment of the invention, the tissue surface to be sampled
is accessible following entry into a body cavity through a
natural orifice, canal, or surgical channel. In an embodiment
of'the invention, the tissue surface to be sampled is accessible
following entry into a body cavity via a trochar using an
endoscope with a biopsy port for inspection. In another
embodiment of the invention, the tissue surface to be sampled
is accessible following entry into a body cavity via a cannula.
In another alternative embodiment of the invention, the tissue
surface to be sampled is accessible following entry into a
body cavity via an arthroscope, colonoscope, sigmoidoscope,
sinus scope and anoscope.

In an embodiment of the present invention, the FTSC
device head remains on the lesion due to the design of the
device surface. In an embodiment of the present invention, the
FTSC device head remains on the immediate area of intended
biopsy/therapy due to the design of the device surface. In an
embodiment of the present invention, the FTSC head has a
facet with a fabric for functionally abrading epithelial sur-
faces including a backing material and a plurality of fenes-
trated loops attached to the backing material adhered to the
facet. In an embodiment of the present invention, the FTSC
head facet has a flat surface. In an alternative embodiment of
the present invention, the FTSC head facet has a concave
surface. In another alternative embodiment of the present
invention, the FTSC head has a facet with a convex surface.
The concave facet head allows a handle attached to the head
to be rotated and ensures that the head remains on the desired
location for convex tissue surfaces. The convex facet head
allows a handle attached to the head to be rotated and ensures
that the head remains on the desired location for concave
tissue surfaces. The flat facet head with an adhered abrasive
fabric allows the hand to be rotated and pressed completley
without allowing gaps between the abrasion material and the
surface tissue to be sampled when collecting a biopsy. In an
embodiment of the invention, the head of the FTSC device is
conical and pointed. In an embodiment of the invention, the
head of the FTSC device is elliptical and pointed. In an
embodiment of the invention, the head of the FTSC device is
multifaceted and pointed.

An unexpected result that was observed during clinical
trials of a number of FTSC devices, undertaken to test various
prototype geometries, was that a pointed-tip rod enabled the
clinician to more easily dilate the cervix, while not increasing
the risk of damage to the cervix through an incision. In an
embodiment of the invention, the diameter of the head of the
FTSC device is a maximum of approximately 8 mm and
tapers to a tip of less than approximately 1 mm. In an embodi-
ment of the invention, the diameter of the head of the FTSC
device is a maximum of approximately 5 mm and tapers to a
tip of less than approximately 1 mm. In an embodiment of the
invention, the diameter of the head of the FTSC device is a
maximum of approximately 4 mm and tapers to a tip of less
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than approximately 0.8 mm. In an embodiment of the inven-
tion, the diameter of the head of the FTSC device is a maxi-
mum of approximately 3 mm and tapers to a tip of less than
approximately 0.6 mm. In an embodiment of the invention,
the diameter of the head of the FTSC device is a maximum of
less than approximately 3 mm and tapers to a tip of less than
approximately 0.6 mm.

In clinical testing, the “sharpened pencil” like design with
one flat face, was found to be too rounded or thick toward the
middle of the pad for entry into the endocervix in some
women with smaller canals. A thinner more streamline profile
flattens and narrows the diameter as the circular shape
becomes more elliptical or oval, without becoming too flat or
spear-like in nature. A profile that was too flat can enhance the
“cutting” or shearing ability of the tip when it is pushed into
the endocervix and a laceration from the edges can result.

An unexpected result observed during clinical trials was
that an FTSC device with a maximum diameter of less than
approximately 8 mm which tapered to a tip of less than
approximately 1 mm enabled the clinician to insert the FTSC
device into almost any cervical canal, and then gently press to
insert the FTSC device further into the cervical os. In many
cases, the insertion also dialated the cervix to allow entry of
the device deeper into the canal. This is because the FTSC
device head is a smooth tapered tip which acts like a dilator.
That is because the distal approximately 10 mm (correspond-
ing to approximately one-half the length of the facet) of the
FTSC device head is a smooth tapered tip it acts like a dilator.
That is because the distal approximately 13 mm (correspond-
ing to approximately two-thirds the length of the facet) of the
FTSC device head is a smooth tapered tip it acts like a dilator.
It was unexpected that an FTSC device can be used to both
dilate the cervical OS and enter the cervix. It was also unex-
pected that the thinner pointed FTSC device did not signifi-
cantly increase the risk of damage to the cervix by causing an
incision or inadvertant puncture of collateral tissue.

In various embodiments of the invention, the pointed thin
head of the FTSC device has one or more facet surfaces cut
into the pointed tip to increase the area sampled in a longitu-
dinal direction along the rod main axis. In an embodiment of
the invention, the major axis of the facet surface is parallel
with the major axis of the rod. In an embodiment of the
invention, the minor axis of the facet surface is parallel with
the major axis of the rod. In an embodiment of the invention,
the one or more facet surfaces are at the distal end of the rod.
In an embodiment of the invention, the widest portion of one
or more of the one or more facet surfaces is at the distal end of
the rod. In an alternative embodiment of the invention, the
thinest portion of one or more of the one or more facet sur-
faces is at the distal end of the rod. In an embodiment of the
invention, one or more of the one or more facets have a
concave surface. In an embodiment of the invention, one or
more of the one or more facets have a convex surface.

In an embodiment of the invention, one or more of the one
ormore facet surfaces are diamond shaped. In an embodiment
of'the invention, one or more of the one or more facet surfaces
are pear shaped. In an embodiment of the invention, one or
more of the one or more facet surfaces are triangle shaped. In
an embodiment of the invention, one or more of the one or
more facet surfaces are hybrid triangle-pear-shape. In an
embodiment of the invention, one or more of the one or more
facet surfaces are hybrid diamond-pear-shape. The hybrid
diamond-pear shaped facet surface with the diamond end
distal to the handle enhances the pointed feature of the FTSC
head, while the pear shaped end proximal to the handle
increases surface area. Due to the tapered fit of the device into
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the canal orifice, the canal itself steadies the device as it is
rotated, where pressure can be applied maximally to the fab-
ric surface during rotation.

In an embodiment of the invention, the distal surface of the
FTSC thin head has abrasive material attached. In an alterna-
tive embodiment of the invention, abrasive material is asso-
ciated with the surface of the FTSC pointed thin head. In
another embodiment of the invention, one facet surface of the
FTSC pointed thin head has abrasive material adhered to the
surface. In an embodiment of the invention, one or more of the
one or more facet surfaces of the FTSC pointed thin head has
abrasive material applied. In another alternative embodiment
of the invention, two or more facet surfaces of the FTSC
pointed thin head have abrasive material applied.

In an embodiment of the invention, the length of the facet

on the FTSC device tip is approximately 19 mm long. In an
embodiment of the invention, one or more of the one or more
facet surfaces begins at the tip of the FTSC device head and
extends towards the handle. In an embodiment of the inven-
tion, the diameter of the FTSC head 4 mm distal from the facet
tip is approximately 2 mm. In an embodiment of the inven-
tion, the diameter of the head 9 mm distal from the facet tip is
approximately 2.5 mm. In an embodiment of the invention,
the diameter of the head 12 mm distal from the facet tip is 3
mm.
In an embodiment of the invention, the maximum overall
diameter of a FTSC device with one facet is the sum of the
maximum diameter of the head and the length of the abrasive
material attached to the facet. In an embodiment of the inven-
tion, the overall diameter of a FTSC device at a point with one
facet is the sum of the diameter of the head at that point and
the length of the abrasive material attached to the facet.

In an embodiment of the invention, the abrasive material
comprises loops that have a short hook end, wherein the
distance from the top of the loop to the bottom of the hook is
less than approximately 50% of the length of the loop. In an
embodiment of the invention, the abrasive material comprises
loops that are approximately 4 mm in length. In this embodi-
ment of the invention, the maximum overall diameter of a
FTSC device with maximum diameter 3 mm and one facet is
7 mm. In an embodiment of the invention, the abrasive mate-
rial loops are approximately 3.5 mm in length. In this embodi-
ment of the invention, the maximum overall diameter of a
FTSC device with maximum diameter 3 mm and one facet is
6.5 mm.

In a FTSC device with maximum diameter 3 mm and with
abrasive material comprising loops that are approximately 3
mm in length, if the distal 4 mm of the FTSC head is inserted
then the FTSC device tip including the abrasive material has
a diameter at this point (4 mm distal from the tip) of approxi-
mately 5 mm. In an embodiment of the invention, the diam-
eter of the head greatly facilitates access into the cervical os.
In this embodiment, the cervix needs be dilated less than
approximately 5 mm in order for the distal 4 mm of the facet
of the FTSC device to enter the cervical cavity. It has been
found that some cervical os diameters are 1-2 mm at the entry
point. In this embodiment, the cervix needs be dilated less
than approximately 3 mm in order for the distal 4 mm of the
facet of the FTSC device to enter the cervical cavity at the
entry point with minimal bending of the abrasive material
loops.

In another embodiment of the invention, a FTSC device
with maximum diameter 3 mm and with abrasive material
comprising loops that are approximately 3.5 mm in length, if
the distal 4 mm of the FTSC head is inserted then the FTSC
device tip including the abrasive material has a diameter at
this point (4 mm distal from the tip) of approximately 5.5 mm.
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In this embodiment, the cervix needs be dilated less than
approximately 3.5 mm in order for the distal 4 mm of the facet
of the FTSC device to enter the cervical cavity. While the
Kylon® material hooks deform and bend somewhat and can
be squeezed down tightly with a very tight fit, they lose their
ability to abrade if the hooks remain perpendicular, rather
than parallel to the canal mucosal surface. The hooks are
intentionally designed to be angular and face away from the
mucosal surface, as not to penetrate or lacerate primarily, but
to shear and frictionally abrade with rotational torque.

An unexpected event was noted when in-vitro post-hyster-
ectomy cervical tissue was sampled with the prior art, Vel-
cro® or similar fabric, and compared to the result obtained
using the Kylon® fabric. Conventional hooked fabric such as
Velcro® which is designed for optimal fastening to another
material provides hooks that are fenestrated too close to the
fabric backing not allowing the hook tips sufficient contact to
cause abrasion in a biopsy setting. The Kylon® fabric with its
longer hooks and more distally cut fenestrations did permit
frictional abrasion and tissue buckling and fracture. The
Kylon® fabric provided adequate tissue sample for process-
ing, analysis, and diagnosis.

In an embodiment of the invention, once the thin tapered
FTSC device is inserted into the cervix, only the distal 4 mm
of the facet corresponding to three to five hooks of the
Kylon® material need to be inside the canal to obtain suffi-
cient material for a biopsy requiring fifteen (15) to fifty (50)
copies of DNA. In an alternative embodiment of the inven-
tion, once the thin tapered FTSC device is inserted into the
cervix, only the distal 9 mm of the facet corresponding to ten
(10) to twenty (20) hooks need to be inside the canal to obtain
material for a biopsy requiring approximately 100-200 copies
of DNA. In another embodiment of the invention, once the
thin tapered FTSC device is inserted into the cervix, only the
distal 12 mm of the facet corresponding to thirty (30) to forty
(40) hooks need to be inside the canal to obtain material for a
biopsy requiring approximately 300-500 copies of DNA.
Unlike conventional curettage, the FTSC head device can be
rotated and the hooks will contact the os canal and frictionally
abrade, circumferentially being pressed against the endocer-
vical epithelium, while being pressed and rotated. Since the
Kylon® material has a greater propensity to ‘hold’ the tissue,
more tissue is available for pathological analysis. This
improves the diagnostic probability of determining the causi-
tive agent. Importantly, tissue yield is crucial when scanning
pre-cancerous lesions.

In an unexpected result, a prototype FTSC cone-shaped
device tip with no facet and a maximum overall diameter of 9
mm (maximum diameter of head was 3 mm extending to the
tip of approximately 1 mm diameter) was found not to fit
inside a number of stenotic os cavities even after dilation of
the cervix. The prototype FTSC cone-shaped device tip was
wrapped with Kylon® material applied 360 degrees around
the device. This added approximately 6 mm (twice the length
of the loops) to the maximum diameter of the head. The
overall diameter at a point 4 mm distal from the tip was 8 mm.
Similarly, the rectangular Kevorkian curette was found not to
fit into most stenotic os cavities.

In an embodiment of the invention, the FTSC device head
is a round or trumpet shaped cylinder. The facet can be flat,
concave, or covex in shape. This provides one or more con-
cave facet surfaces at the distal end of a disc or disc-like
protrusion without a tapered end. The one or more concave
surfaces allow the FTSC device to be placed on a specific
location on a body surface, such as the exocervix, vagnia,
buccal mucosa, anal mucosa, perianal skin, or vulva and
rotated without moving off the desired location. A convex
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sampling head best conforms to a concave tissue surface
similar to a “lock in key” nature. A concave sampling head
best conforms to a convex tissue surface similar to a “lock in
key” nature. A flat tissue surface is best sampled by a flat
sampling surface, eliminating gaps between the sampling
surface and the epithelium. In an embodiment of the inven-
tion, the ability of the FTSC device to remain on a fixed
location can allow improved sampling of epithelial tissue
from the lesion. Because the FTSC device does not move off
the lesion, it allows increased rotation of the FTSC device,
which in turn ensures a frictional abrading to enable improved
sampling. In contrast, other methods disclosed in prior art do
notdisclose, teach or suggest that the position from which the
biopsy is sampled is to be visually located, guided and
retained through the choice of the facet surface contour. The
FTSC device captures surface and exfoliated cells through
frictional abrading of the target tissue site without affecting
the ability of the fabric hooks, arranged in rows which permit
channels, to open and close, capturing and retaining tissue
into those channels and the fabric body.

FIG. 9 shows a flowchart showing the use of the endo
cervical FTSC device used to take a tissue sample from within
the cervix in accordance with an embodiment of the inven-
tion. Initially a clinician selects an appropriate endo cervical
FTSC head for device 900. The clinician touches the side of
the FTSC head against the cervical opening 910. After the
cervix opens, the FTSC head is inserted into the opening 920.
The FTSC head can then be placed on the exposed lesion 930.
The FTSC head can then be rotated 940. The clinician moni-
tors the FTSC head 950 to determine when rotating the FTSC
head has sufficently frictionally abraded the lesion 960. The
clinician then removes the FTSC head from the cervix 970.
The tissue can then be removed from the FTSC head 980.

FIG. 11(A) is a schematic side view of an endo cervical
FTSC device 1150 showing the handle 1160 with an etched
groove 1170 allowing for detachment, the head 1180 which
has a single facet to which is adhered abrasion material 1190.
The endo cervical FTSC device 1150 can be stored in a
hematically sealed packet (not shown). FIG. 11(B) is an
expanded side/frontal view of an endo cervical FTSC head
showing the handle 1160 which has an etched groove 1170
allowing for the detachment of the head 1180, where the head
1180 has a single facet to which is adhered abrasion material
1190, in accordance with an embodiment of the invention.
Regional Biopsy

In various embodiments of the invention, the FTSC device
can be used to biopsy and screen large geographic areas of
tissue at risk for disease. In an embodiment of the invention,
the FTSC device can be used to biopsy and screen neoplastic
transformation such as, but not limited to, the squamo-colum-
nar junction of the female cervix in the presence or absence of
visualized lesions. In an embodiment of the invention, the
FTSC device by providing one or more concave surfaces on
an otherwise conical or rod-like protrusion, allows the device
to be placed on a specific location and rotated without moving
off the desired location. In an embodiment of the invention,
the ability to remain on a fixed location can provide samples
of epithelial tissue from specific locations for analysis. In this
manner, the overall surface can be randomly sampled with a
finite number of biopsy samples. In contrast, other methods
disclosed in prior art do not allow the position from which the
biopsy is to be sampled to be localized. The intent is to
frictionally remove tissue from a variety of localized posi-
tions based on visual evidence of the larger area, or knowl-
edge of the “at-risk” landmark area where disease is likely to
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evolve or be harbored, such as the “transformation zone” of
the cervix, which can range from approximately 10-40 mm in
diameter.

Simultaneous Biopsy of Epithelial Surfaces and Canal-Like
Structures

In an embodiment of the invention, the surface of the head
has abrasive material applied. In alternative embodiments,
the device has a head with material applied that contains a
central core of fenestrated loops that are longer (e.g., approxi-
mately 4-7 mm long), surrounded by a wider rim of shorter
fenestrated loops (e.g., approximately 3 mm in length). The
longer loops are geometrically suited to insinuate within a
central canal structure, such as the endocervical canal of the
cervix. There is simultaneously uniform contact of the fenes-
trated loop fibers circumferentially around the endocervical
canal on the flat exocervical surface. With rotation and agita-
tion in a back-and-forth motion using a brush, tissue can be
used to harvest within the fenestrated loop channels. In an
embodiment of the invention, the abrasive material can be the
Kylon® material fabric. Because the tissue is held by the
Kylon® material fabric, when the FTSC head is sent to the
pathologist, the pathologist can require a tool to remove the
tissue from the FTSC head. Unlike bristle brushes that are
twisted, Kylon® material fabric hooks are arranged in rows.
In contrast to Velcro® material, the hooks are shallow, and the
fenstrations distal and narrow, thus the Kylon® can be
combed, and the tissue collected in the biopsy can be combed
out. In an embodiment of the invention, a miniature mustache
comb can be used to remove the tissue from the Kylon®
material fabric. The technician has to comb the tissue directly
out from the Kylon® material fabric into the vial of liquid
fixative. Then the vial of fixative containing the mixed tissue
can be trapped on a filter paper. Alternatively, in an embodi-
ment of the invention, the tissue can be teased free from the
hooks of the Kylon® material fabric using a scalpel or twee-
zers. In an embodiment of the invention, the hooks of the
Kylon® material fabric can be cut or sheared to remove the
tissue from the fabric base for the biopsy. In an embodiment
of the invention, the abrasive material can be dissolved in an
appropriate solvent to remove the tissue from the abrasive
material for the biopsy. In an embodiment of the invention,
the tissue can be rinsed forcefully from the abrasive material
on to the filter paper or collection vessel.

In an alternative embodiment of the invention, approxi-
mately 9 mm long central fibers are surrounded by approxi-
mately 3 mm fibers. In an embodiment of the invention, the
device can be inserted into the cervix and rotated with spin-
ning revolutions. Following frictional trans-epithelial tissue
disruption, the head containing biopsy sample can be
detached and inserted into a liquid vial of fixative.

FIG. 10 is a schematic side view of an exo cervical FTSC
device 1000 showing the handle 1060 which has an etched
groove 1020 allowing for the detachment of the head 1030,
where the head 1030 which has abrasion material 1040 is
adhered.

FIG. 12(A-D) are schematic views of endo- and exo- cer-
vical FTSC devices, with ribbed handles and tapered waists.
In FIGS. 12(A) and (B), the side view and front view of the
endo-cervical device 1200 shows a ribbed handle 1211 and
tapered waist 1213 which are designed to allow the clinician
to easily and rapidly rotate the device 1200. The etched
groove 1220 allowing for the detachment of the head 1230, is
also shown. In FIGS. 12(C) and (D), the side view and front
view of the exo-cervical device 1250 includes aribbed handle
121 and tapered waist 12162 which are designed to allow the
clinician to easily and rapidly rotate the device 1250. The
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etched groove 1270 allowing for the detachment of the head
1280, and the single hybrid diamond-pear shaped facet 1292
are also shown

In an alternative embodiment of the invention, the FTSC
device 1300 as shown in FIGS. 13A, 13B, 13F and 13H
include a cylinder 1335 with a diameter of approximately 3
mm mounted on a disc 1330 with a diameter of 1.5 cm, which
is connected to a handle 1310. In

FIGS. 13A and 13H the disc 1330 is connected to the
handle 1310 via a handle extension 1312 with a weakened
portion 1320 to allow detaching of the disc 1330 from the
handle 1310. In another alternative embodiment of the inven-
tion, a cylinder 1335 with a diameter of approximately 6 mm
is mounted on a disc 1330 with a diameter of 3 cm, which is
connected to a handle 1310. In FIG. 13A the disc 1330 is
cylindrical, while in FIG. 13H the disc 1330 is cone shaped
and the cylinder 1335 extending from the disc 1330 has a
facet. FIGS. 13B and 13F show the face 1336 of the cylinder
1335, while FIG. 13A shows the cylinder 1335 is covered
with abrasive fibers 1340. In Figure FIG. 13B the face is
perpendicular to the main axis of the handle, while in FIG.
13F the face is at an acute angle to the main axis of the handle.
In an embodiment of the invention, the face of the cylinder is
covered with 3 mm long hooked Kylon® fibers. In an embodi-
ment of the invention, the device can be inserted into the
cervix and rotated with spinning revolutions. Following fric-
tional trans-epithelial tissue disruption, the head containing
biopsy sample can be detached and inserted into a liquid vial
of fixative.

In alternative embodiment of the invention, as shown in
FIGS. 13C and 131, a cylinder 1335 or round faced trumpet
designed tip with a diameter of approximately 3 mm is
mounted on a disc 1330 with a diameter of 1.5 cm. In another
embodiment of the invention, a cylinder 1335 with a diameter
of approximately 6 mm is mounted on a disc 1330 with a
diameter of 3 cm. FIG. 13D shows the face 1336 of the
cylinder 1335 and the face 1331 of the disc 1330. FIG. 13G
shows a rounded end 1336 of the cylinder 1335 and the face
1331 of the disc 1330. As shown in FIGS. 13C and 13] the
face 1336 of the cylinder 1335 is covered with abrasive fibers
1337 and the face 1331 of the disc 1330 is also covered with
abrasive fibers 1332. In FIG. 13C the disc is circular, while in
FIG. 13] the disc is trapezoid. In an embodiment of the
invention, the face of the cylinder is covered with 3 mm long
hooked Kylon® fibers and the face of the disc is also covered
with 3 mm long Kylon® fibers. In another alternative
embodiment of the invention, as shown in FIG. 13E, the
surface of the cylinder 1335 is covered with abrasive fibers
1337 and the face 1331 of the disc 1330 is also covered with
abrasive fibers 1332. In an embodiment of the invention, the
surface of the cylinder is covered with 3 mm long Kylon®
fibers and the face of the disc is also covered with 3 mm long
Kylon® fibers.

The clinician inserts the cylinder 1335 onto the exo-cervi-
cal tissue or lesion, and position the FTSC device disk surface
1331 flush with the exo-cervix. In an embodiment of the
invention the cylinder surface 1336 can be flat. In an embodi-
ment of the invention the cylinder surface 1336 can be con-
cave. In this embodiment, a slight concave shape can be used
to match the convex cervical contour. In an embodiment of
the invention the cylinder surface 1336 can be convex. In this
embodiment, a slight convex shape can be used to enhance fit
into epithelial concave shaped areas. In an embodiment of the
invention the disk surface 1331 can be flat. In an embodiment
of the invention the disk surface 1331 can be concave. In an
embodiment of the invention the disk surface 1331 can be
convex. In an embodiment of the invention the disk surface
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1331 can be at an inclined angle relative to the cylinder
surface 1336. In an embodiment of the invention the disk
surface 1331 can be inclined at an angle of 15° relative to the
cylinder surface 1336. In an alternative embodiment of the
invention the disk surface 1331 can be inclined at an angle of
30° relative to the cylinder surface 1336. In another alterna-
tive embodiment of the invention the disk surface 1331 can be
inclined at an angle of 45° relative to the cylinder surface
1336. In another embodiment of the invention the disk surface
1331 can be inclined at an angle of 60° relative to the cylinder
surface 1336. Once the cylinder 1336 is inserted and the disk
surface 1331 is in contact with cervical tissue surface, it is
pressed and rotated several revolutions clockwise and coun-
terclockwise to obtain the biopsy sample. In this embodiment
of the invention, the disk surface 1331 of the FTSC device is
large enough to cover the entire “at risk” area of the cervix,
commonly known as the “transformation zone” where cancer
precursors and cancer is likely to develop/start. A concave
cylinder surface 1336 can simultaneous dilate the cervix
while the concave cylinder design ensures better contact with
tissue.

FIG. 14 shows a line drawing representative of a compari-
son of (A) 2 mm Velcro and (B) 3.1 mm Kylon material. The
material 1400 shown in FIG. 14(A) has an arc 1410 which is
more than approximately 25% of the length of the loop 1420
and a relatively narrow fenestration 1430 which is less than
approximately 0.4 mm. The material 1450 shown in FIG.
14(B) has a narrow arc 1460 which is less than approximately
15% of the length of the loop 1470 and a relatively wide
fenestration 1480 which is more than approximately 0.6 mm.
Frictional Tissue Sampling and Collection Biopsy Devices

In an embodiment of the invention, the frictional tissue
sampling and collection biopsy devices disclosed herein uti-
lize Kylon® material, a fabric that includes minute plastic
(e.g., nylon) fiber loops that are fenestrated at a minimal
distance from the apex of the loop. The loops flex but do not
fracture under minimal to moderate force, or separate under
pressure.

The semi-rigid loops can be pressed in a rotational manner
(e.g., in sweeping or circular motion) away from or toward the
clinician, perpendicular, or at an angle into epithelial tissue
surfaces. The semi-rigid loops remain flexible enough to
cause separation of the fenestrated ends, creating frictional
forces sufficient to cause local heating and buckling of the
epithelial surface away from the underlying stroma. The
loops are fenestrated such that with applied pressure they are
flexible enough to open and provide access to a “collection
well” for histological fragments. The tips of the fiber hooks
are oriented away from the tissue. On pressing and rotation
across the tissue surface, the fibers scrape, buckle and shear
the epithelium from the underlying stroma. The fragments are
excoriated from the tissue surface through the concomitant
application of frictional forces applied to the tissue surfaces
by the fenestrated loops. The frictional forces overcome the
adhesive and binding forces of the tissue below to release
fragments of various shapes and size, all eligible for collec-
tion in a histology lab, and subsequent processing and analy-
sis.

The semi-rigid loops (e.g., made of nylon) hold the tissue
fragments after excoriation because the loops are elastic
enough to sufficiently re-close and capture the removed tis-
sue. In addition, the spaces between the fibers also retain
excoriated tissue. The frictional forces exceed the binding
forces afforded by adhesion molecules which anchor epithe-
lia to the basement membrane, as well as disrupting Van der
Waals forces.
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Once the epithelium is frictionally sheared from the under-
lying stroma, the tissue clumps and epithelial fragments are
swept and excavated by the distal most curved apex of the
loop and entrapped within the geometrically suited spaces
between the closed, fenestrated loops. Thus, the method is
frictional abrasion, excavation via rotation and other direc-
tional motion, and tissue collection within inter-loop chan-
nels.

The Kylon® material fabric can be cut into uniform shapes
such as a hybrid diamond-pear shape, a pear shape, a circular
disc or straight edge shape(s) and with uniform height, allow-
ing the device to provide 360-degree coverage of tissue sur-
faces over suspected lesions, without a gap within the circum-
ference of the device. The Kylon® base material is also
flexible to allow the material to be applied to a concave or
covex surface. This is in distinction to bristle brushes which
are spiral or bent in shape, which present surface gaps. This
does not allow uniform contact with the target tissue, and gaps
and spiral or irregular orientation to tissue, that when pressed,
agitated, or rotated penetrate the tissue surface causing a
traction point, which can cause migration of the device from
the lesion site toward the direction of rotation when such
devices are pressed onto lesions and rotated or moved for
tissue harvesting.

Following biopsy, the head of the device is readily severed
from the handle to allow the head to be deposited in a liquid
fixative agent. In an embodiment of the invention, the handle
material is scored (thus weakened) near the head to allow the
head to be broken off from the handle and deposited in liquid
fixative, which is usually formaldehyde or alcohol. The
Kylon® material fabric, fibers, and/or device head (all with
the tissue entrapped between the fibers) are removed from the
vial of liquid fixative to remove the tissue from the head of the
device and process it for analysis. Therefore, one may inten-
tionally design the device in an embodiment in which the user
can easily decouple the device head from the device shaft. For
example, some embodiments can have the shaft inserted into
the head via a clip or screw thread mechanism, a key-in-lock
design with a pressure release button, or a luer-lock type of
attachment. Once the biopsy is obtained, the head and handle/
shaft parts can be decoupled, wherein the handle can be
discarded, or sterilized and re-used, and the head immersed in
a vial of fixative.

Some methods for removal of tissue from the fiber assem-
bly include using a brush, rinsing under pressure, immersion
and agitation manually or mechanically, or by sonication.
Alternatively, the fibers can be sheared from the fabric on telfa
or other filter paper, and the fibers plucked off the paper
leaving the entire biopsy specimen. Alternatively, after tissue
is collected into the device channels, tissue can be deposited
via rotation or agitation in a vial of liquid fixative, rinsed off
the device under pressurized spraying, or removed from the
nylon fibers by cutting away the nylon fibers from the fabric
(e.g., onto filter paper), thus leaving the tissue on the paper,
which can be immersed in fixative.

In preferred embodiments, the Kylon® material fabric
fibers are manufactured in a similar manner to Velcro® or
other hook and pile type fastener, where strands are longer
than conventional hook and pile, approximately 3 mm in
length, can range between 3 mm and 9 mm in length, are
fenestrated closer to the apex of the loop instead of close to the
base of one arm of the loop, and thus appear V-wishbone
shaped. They have a short hook end with the curvature start-
ing at 2 mm from the base. Because the loop strands are
longer, they flex and bend to a greater angle and twist with
greater elasticity when rotated or agitated when compared
with standard Velcro®. Because the fenestration is closer to
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the base in standard Velcro®, the loop fenestrations do not
separate, leaving the curved smooth surface of the loop in
contact with the tissue, and therefore not providing sufficient
frictional forces during rotation to shear and separate the
epithelium from the underlying basement membrane and
stroma.

Preferred embodiments utilize minute plastic fenestrated
loops that are pressed perpendicular or at an angle into epi-
thelial tissue surfaces which, upon rotational or agitational
pressure forces, cause tissue epithelial fragments to be fric-
tionally separated from the underlying tissue basement mem-
brane and stroma. The channels between the fenestrated loops
entrap and collect the tissue fragments. The process is similar
to curettage with a blunt curved tool, which also scrapes,
shears and strips epithelium from the underlying stroma of
target tissues. On the other hand, the process is in contrast to
sharp curettage where the purposefully sharp edge of the
curette first incises, pierces, then shaves and scoops epithe-
lium and underlying stroma from the tissue surface. The
process described herein is less perceptible to patients than
conventional biopsies and causes a smaller amount of blood
loss and trauma.

In an embodiment, the present invention relates to a fric-
tional trans-epithelial tissue apparatus. In various embodi-
ments, the apparatus comprises approximately 3 mm or
smaller loops adherent to and projecting perpendicular from
a surface, with a density of approximately 50-1000 loops per
square inch, evenly spaced or arranged in rows. The loops can
be intact or fenestrated at the center or at their lateral aspect to
allow for added flexibility and constructed from plastic,
metal, or another stiff material. The rounded end of the loop
is opposite the surface.

Loops can be of sufficient flexibility to withstand frictional
forces and not fracture, and of sufficient tensile strength to
generate sufficient frictional shear force during a sweeping or
circular motion of the device to remove epithelium from
tissue. The space between loops can serve to capture and
harbor the sampled tissue.

Invarious embodiments designed for focal lesional biopsy,
a flat, flexible surface, which anchors the loops, can be
approximately 10-15 mm, but is most practically approxi-
mately 5-10 mm in diameter and circular in shape. In alter-
native embodiments of the present invention, a concave sur-
face anchors the Kylon® material loops. The shape can be
another geometrical design if it affords an advantage in cov-
ering the target tissue area for sampling. The head can be
hinged in such a way that it can be folded or compressed,
inserted through a small endoscopic channel, and then rein-
stated to its original state with a sampling surface. It can be
comprised of plastic, cloth, or another composite material.
The loops can be threaded through and project away from the
head towards the tissue surface. In various embodiments of
the present invention, a hub fiber or “pin” that penetrates and
anchors the center of the disc on the target biopsy area, can
serve as a central post to rotate the disc around for stability.

In other embodiments intended to screen larger, regional
tissue sites at risk for neoplastic transformation or other dis-
ease process, the shape can be circular, where the diameter
can range from approximately 10-50 mm, and the loops can
project at varied distances from the head towards the tissue
surface. For the purpose of histological screening to detect
cervical neoplasia, the central approximately 5 mm diameter
disc projects longer (approximately 5-25 mm) fenestrated
loop fibers, and can be surrounded circumferentially by the
aforementioned approximately 3-23 mm long loop fibers.
The longer fibers can insinuate inside canal structures, (e.g.,
the endocervical canal) simultaneously with contact of the
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shorter fibers with an outer endothelial surface (e.g., the exo-
cervical surface). Upon pressure and rotation or agitation, the
endocervical and exocervical tissues can be simultaneously
frictionally sheared and collected. Histological screening can
be necessary to correctly reflect the presence or absence of
epithelial pathology, because adhesion molecules can prevent
representative exfoliation from diseased tissue in some cases,
leaving cytological screening methods lacking in accuracy.
(see for example Lonky et al., ] Low Genit Tract Dis. (2004)
8:285 “False-negative hybrid capture II results related to
altered adhesion molecule distribution in women with atypi-
cal squamous cells pap smear results and tissue-based human
papillomavirus-positive high-grade cervical intraepithelial
neoplasia” and Felix et al., Am J Obstet Gynecol. (2002)
186:1308, “Aberrant expression of E-cadherin in cervical
intraepithelial neoplasia correlates with a false-negative
Papanicolaou smear”).

Preferably, a frictional trans-epithelial biopsy sample is
taken from a lesion or an anatomical region that is predis-
posed to disease.

In various embodiments of the present invention, the
device includes a plastic, metal, or mixed composition disk or
curved convex head, which provides a flat surface for a cyl-
inder to be attached. The disk can be equal or greater in
diameter than the cylinder. The disk is approximately 5-10
mm in length while the flat, concave or convex cylinder is less
than approximately 3 mm in thickness.

In various embodiments of the present invention, the appli-
cator probe can be comprised of a rod or cylindrical shape
including any suitable material (e.g., wood, glass, plastic,
paper or metal), which has the base, surface and loop unit at
its most distal end, wherein the applicator probe is approxi-
mately 2-5 mm in diameter and approximately 15-30 cm in
length. It is constructed larger or smaller depending on the
access to the tissue surface. The shaft of the rod or cylindrical
shaped applicator probe can be rigid or semi-rigid so as to not
bow or arc when pressure is transmitted from the handle to the
device head.

A handle into which the applicator probe can be transfixed
is optionally mechanical, providing motorized rotational,
drill-like movement or agitating vibration.

The device handle can be composed of stiff material, pret-
erably plastic similar to Lucite, clear or opaque in coloration,
rigid nylon plastic, or alternatively can be glass, wood or
metal. The device head can take a variety of shapes, cylindri-
cal or tapered in design, but the distal most surface face is
circular, square, or polygonal, and can be composed of plastic
(e.g., nylon). The device head diameter can range from
approximately 5-50 mm. The abrasive material fabric can be
welded to the nylon surface ultrasonically, or can alterna-
tively be attached via adhesive, or via a rim or collar (e.g.,
which snaps on to the surface into a recess in the head of the
device).

In some embodiments, the clinician examines tissue sur-
faces and chooses an area to be sampled based on the presence
of a suspicious lesion. In other embodiments, the clinician
chooses an anatomical landmark known to be “at risk” for
neoplastic or disease transformation for the purposes of sam-
pling the entire chosen surface. The new learning is that a
deeper trans-epithlial biopsy grade sample can be obtained
with a minimally invasive approach with minor discomfort or
trauma. Thus far, in 15 cases in a prospective clinical trial,
patients report the biopsy procedure using Kylon® biopsy
material on the described applicator(s) induces little or no
discomfort, with minor bleeding graded less than conven-
tional curette or sharp biopsy devices.
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The handle or applicator probe is grasped at its proximal
end or handle. The distal portion or head of the device con-
tains the base, surface and loops that project perpendicular
from the base towards the tissue surface with the more
rounded ends that are pressed against the tissue surface.

With moderate pressure, the examiner simultaneously
presses and rotates the device against the tissue several times
in a clockwise or counterclockwise direction, or agiating
motion in alternating 75-120 degree ratations, clockwise and
couter clockwise. These actions cause an opening or separat-
ing the fenestrated loops, thus performing frictional disrup-
tion of the tissue surface. Alternatively, a sweeping motion
can be used. If a motorized handle is used, it can be activated
to assist in the rotation or vibration of the device. The har-
vested tissue is collected from the tissue surface, and some
tissue already trapped in the loops themselves can be
inspected and can be teased from the loops, or the loops
transected from the fabric and separated, and the remaining
tissue placed in a fixative solution.

As shown in FIG. 1, fabric with fenestrated loops (1) is
connected to platform (2), which is in communication with
head (3), located at a distal end of handle (5), optionally
including an elongated rod (4). Referring to FIG. 3A, mod-
erate force (8) is applied against a tissue surface (7). The
device head is rotated (9) on the surface to frictionally sepa-
rate or agitate the surface epithelium. The device head is
rinsed or placed with tissue in the loops into fixative for
subsequent pathological analysis.

An apparatus with a conical platform is depicted in FIG. 2.
In FIG. 2A, fabric with fenestrated loops (1) is connected to
conical platform (6). Referring to FIG. 3B, an apparatus with
a conical platform can be inserted into a canal or cavity. The
device head is rotated (9) while maintaining pressure force in
direction (8). The device head with tissue in the loops is
rinsed, combed or teased free, or placed into pathological
fixative.

An apparatus with a motor configured to rotate the plat-
formis depicted in FIG. 4. Fabric with fenestrated loops (1) is
attached to platform (2) on head (3) at the distal end of an
elongated rod (4), which is attached to a motorized handle (5).

In some embodiments, the head is detachable from the
elongated rod/handle. Referring to FIG. 5, a detachable head
configuration allows the distal portion with head (3), platform
(2), together with attached fabric containing loops, to be
detached and placed into a preservative medium for later
tissue removal and pathological processing. Some embodi-
ments can have the shaft inserted into the head via a clip or
screw thread mechanism, or a luer-lock type of attachment
(23). Tissue fragments that remain attached to the detachable
head are in addition to any free tissue obtained and collected
from the tissue surface or the device as a result of the frictional
tissue sampling.

Referring to FIG. 6, epithelial tissue samples are obtained
by frictional transepithelial tissue disruption. A representa-
tion of tissue with a squamous epithelial lined surface is
depicted in panel (A). The squamous epithelial multilayer
(11) is shown with superficial flat and basal cuboidal epithe-
lium. Basement membrane (12) separates the squamous epi-
thelial multilayer from the subcutaneous tissue stroma (13)
and the underlying sub-stromal tissue (14). FIG. 6B depicts
application of the frictional biopsy device to the tissue sur-
face. The device head (3) is applied (24) to a chosen area
where curved portions of the fenestrated loops (1) press
against the epithelial surface. A representation of two abut-
ting hooks is shown, creating a collection channel. A shorter
arm (15), adjacent to the fenestrated loop (1), can remain
following severing of an initial continuous loop to create the
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fenestrated loop. In FIG. 6C, simultaneous pressure, agita-
tional, and rotational force (16) splays and separates the
hooks/loops. Frictional abrasive forces create heat which
buckles the epithelial surface. Referring to FIG. 6D, sufficient
abrasion creates shearing and fracture of the epithelial surface
at varying depths which can include fracture through the
basement membrane into the subcutaneous layer. As shown in
FIG. 6E, the hooks insinuate into the fracture plane, and with
additional abrasive forces continue to shear the tissue frag-
ments, while simultaneously retaining the tissue for capture
and collection. At the completion of the biopsy process (FIG.
6F), the collection of hooks arranged in rows creates channels
that collect and sequester the tissue and cell cluster fragments
within the channels. When the device is removed from the
epithelial surface, additional sample collection is achieved
due to the flexibility and recoil of the hooks.

Referring to FIG. 7A, frictional trans-epithelial tissue dis-
ruption with a focal biopsy apparatus is shown at the outer lip
of the exocervix (17), alternatively known as the “transfor-
mation zone” of the cervix (18). In this configuration, fenes-
trated loops (1) approximately 3 mm in length are used to
disrupt and collect tissue fragments. FIG. 7B depicts an
enlarged focal biopsy apparatus, with an enlarged view of
fenestrated loops (1) attached to platform (2).

Referring to FIG. 8A, simultaneous trans-epithelial biopsy
of epithelial surfaces and canal-like surfaces, in particular,
biopsy ofthe endocervical canal (20) and the exocervical area
around the endocervical canal (i.e., the transformation zone),
is shown (19). Referring to FIG. 8B, a central core of elon-
gated loops of approximately 5-25 mm in length (21) are
surrounded by a wider rim of shorter fenestrated loops of
approximately 3-23 mm in length (22).

The frictional tissue sampling and collection device can be
used on any body surface, both external to the body, body
cavities, or on internal organs. To access epithelial surfaces of
internal body organs, the device head can be deflated, folded
or collapsed to pass through a small aperture or port, and
re-opened or expanded to fully expose the fabric to the biopsy
surface. This device can be used on humans or any other
living organism with an epithelial surface. Any tissue surface
can be sampled. The ease of use in each case will be related to
the strength of the individual tissue adhesion and binding
forces in specific locations. The loops themselves can harvest
the tissue and also serve as tissue collection reservoirs for
later storage once placed in a fixative medium. The platform
with the loops can be detached from any applicator for later
examination and processing (i.e., decoupled from the instru-
ment used to press against tissue surfaces to obtain the tissue
sample).

If'the tissue surface is a canal or concave shaped area of the
body, instead of a perpendicular platform design, the loops
are directly attached to the probe itself, which is gradually
tapered at the end to facilitate insertion into the canal. The
loops project perpendicularly from the probe surface at its
distal end, and the unit, once placed into the canal that is lined
on its surface with epithelium, contacts such epithelium
snugly.

The loops can be mounted on the platform or project from
the rim surface of the platform, perpendicular or at an angle to
the platform along the margin of the platform, or attached to
other delivery applicators, including the examiner’s gloved
finger, or other surgical instruments. The platform can be any
shape or size which can fit on a tissue surface. The base
assembly can be any shape or size, and can be permanently
rigid or collapsible.

If the tissue surface lies within a canal-shaped tissue sur-
face, the loops can be attached directly to the applicator
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probe, which can be inserted into the canal-shaped body
cavity. The probe with the loops projecting from the surface
and contacting the epithelium is rotated, causing the frictional
disruption sampling from the tissue surface. The shape of the
probe can be constructed in any shape that allows a snug fit
into the canal. The loops can be arranged in rows or equally
spaced, allowing for maximal contact and tissue collection.

Some embodiments of the invention comprise a motorized
mechanical assistance via amechanical handle into which the
most proximal end of the applicator probe is inserted. Such
mechanical assistance can enhance the rotational or vibratory
force that the device transmits to the tissue after contact is
established. This can increase the frictional forces and the
speed of the tissue disruption/sampling and shorten the pro-
cedure time.

Preferred Parameters of Fibers

The frictional sampling loops of the invention are collec-
tively referred to as fenestrated loop fibers. In particularly
preferred embodiments, the fibers are made using the hooked
side of a modified Velcro® or other hook and pile type fas-
tener, where the strands are approximately 3 mm in length and
are V-wishbone shaped. They have a short hook end with the
curvature starting at approximately 2 mm from the base. In
various embodiments, the loops can be approximately 2.5-25
mm in length, approximately 3-5 mm in length, approxi-
mately 3-10 mm in length, approximately 3-15 mm in length,
approximately 3-20 mm in length or approximately 3-25 mm
in length.

In comparison, standard Velcro® is approximately 2 mm
long and is more hooked. Thus, the loops of the present
invention are longer than those of standard Velcro®, they are
made of a similar nylon material compared with standard
Velcro®, are more flexible when rubbed on a tissue surface
due to their length, and they have shorter loops that hook
nearer to the end of the strands. In particular, the distance
from the top of the loop to the bottom of the hook is preferably
less than 50% of the length of the loop, more preferably less
than 40%, still more preferably less than 30%, and even more
preferably less than 20% the length of the loop. This distance
is also preferably at least 1% the length of the loop, more
preferably at least 5% the length of the loop, and still more
preferably at least 10% the length of the loop. A case series of
three post-hysterectomy samples proved that conventional
hooked fabric such as Velcro® mounted on sampling devices,
pressed and rotated on the cervical epithelial surface were
incapable of harvesting tissue for biopsy, while the re-engi-
neered Kylon® fabric frictionally abraded tissue to a trans-
epithelial depth.

Thus, the invention includes hooks in all of the ranges
between any of the preferred minimum distances and any of
the preferred maximum distances. The bottoms of the hooks
are preferably arranged so that they are all approximately the
same distance from the loop, although this is not strictly
necessary. Because the hooks are cut at a relatively distal
location, the ends of the hooks are more accessible to the
tissue surface allowing for uniform transmission of frictional
forces to the tissue surface. As a result, the action of the fibers
more effectively buckle and shear the tissue, while the loops
sweep over and capture the tissue.

In a preferred embodiment, the loop fibers are arranged so
asto efficiently capture tissue. Thus, in one preferred embodi-
ment, the fibers are arranged in an orderly orientation. For
example, the fibers can be arranged in rows between which
the tissue can be captured. The hooks can be arranged to be
oriented at approximately the same angle and direction in
each ofthe fibers. Thus, the fibers can be organized such they
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all have a consistent direction and angle of orientation. In
addition, the spacing between each of the fibers can be made
to be the same or different.

In use, the device can be oriented so that the fibers are
perpendicular to tissue, and then pressure is applied. As a
result, the epithelial surface is frictionally sheared. Thus, the
fibers are preferably mounted on a flat or curved platform,
optimally 4-10 mm in diameter so as optimize this process.
However, alternatively shaped platforms can also be used in
certain embodiments. Because the fibers can be mounted
directly on the platform, which can be flat or slightly curved,
the orientation remains evenly spaced and the spaces inside
the fenestrated loops and between them remain evenly dis-
tributed to facilitate tissue capture.

In some embodiments the platform can be in the form of a
thumbtack, wherein it is attached to the handle. However, the
platform and handle can take on a variety of forms. It is
envisioned that the handle and the platform can be molded as
one piece, and the fibers (e.g., modified Velcro® can be
attached with adhesive or via ultrasonic or thermal welding of
the fabric to the platform.

In an embodiment of the invention, the abrasive fabric can
be attached or sewed into another fabric or material such as
the finger of a glove, with the human finger or hand function-
ing as the applicator to frictionally press and abrade the tissue
surface.

In an embodiment of the invention, the Kylon® fabric can
be applied to existing surgical instruments such as a body part
probe, clamp, or tissue manipulator via an adhesive. In this
manner, the surgical instrument to which the Kylon® fabric is
adapted serves as a biopsy collection device.

In an embodiment of the invention, the abrasive fabric can
be derivatized with functional groups to bind specific marker
molecules present on cells of interest. PCT Application Nun-
ber: PCT/US2009/053944, titled “Porous Materials for Bio-
logical Sample Collection” to Zenhausern et al, which is
incorporated by reference in its entirety, describes an inor-
ganic material which can be used as the abrasive material
rather than for example the Nylon which is used in Velcro® to
allow the specific binding and/or the solubilization of the
abrasive material with approprtiate solvents.

Method of Inducing an Immune Response by Autoinocula-
tion

In some embodiments, the trans-epithelial, frictional tissue
sampling and collection devices described herein are utilized
to agitate and disrupt epithelial cells containing a pathogen, or
cellular proteins altered by a pathogen, to induce an immune
response against the pathogen. This results in auto-inocula-
tion of tissues that harbor pathogens and macromolecules
such as virally altered DNA and/or oncogenic proteins. The
method can also be termed therapeutic frictional abrasion-
excoriation. This method is advantageous when a pathogen is
normally able to evade an immune response. For example,
some viruses remain in surface epithelial layers where they
are sequestered from the immune system. Other viruses can
be integrated into cellular DNA, thereby evading immune
detection.

The methods of inducing an immune response against a
pathogen that normally evades the immune system comprise
the steps of (a) disrupting epithelial cells containing the
pathogen, virally altered DNA, or cellular oncoproteins with
a micro-curettage device described herein, and (b) introduc-
ing the pathogen into the bloodstream of a patient to elicit an
immune response.

In some embodiments, the trans-epithelial, frictional tissue
sampling and collection devices described herein are utilized
to disrupt epithelial cells to induce an immune response
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against human papillomaviruses (HPVs). HPVs are persis-
tent viruses that can remain in their hosts for long periods of
time before causing any ill effects. Generally, the host reacts
to viral pathogens by generating both humoral and cell-me-
diated responses. Humoral responses are typically antibody-
mediated and involve the secretion of antibodies such as
immunoglobulin A (IgA) and immunoglobulin G (IgG) by B
lymphocytes. Cellmediated responses, on the other hand, are
carried out by immune effector cells such as dendritic cells
(DCs), natural killer (NK) cells, macrophages and T lympho-
cytes which secrete a number of cytokines including inter-
feron (INF) and tumor necrosis factor (TNF), and up-regulate
the expression of Fas ligand (FasLL) and TNF-related apopto-
sis inducing ligand (TRAIL) on their cell surface.

In the case of HPV infection, the immune response is
frequently weak or undetectable, and accompanied by little or
no inflammation. Even when an immune response is elicited,
it may not be able to clear the virus. Disruption of the epithe-
lial surface by frictional tissue disruption induces repair and
inflammation and serves to autoinoculate the patient. Without
wishing to be bound by any theory, exposure of the epithelial
surface to frictional tissue disruption, uniquely induced by the
apparatus and methods disclosed herein through local heating
from friction forces exerted, can enhance the induction of
repair, inflammation and an immune response following
patient autoinoculation. Agitation or scrubbing of a lesion
serves to introduce viral particles into the bloodstream of a
patient, where they can trigger a humoral or antibody-related
immune response. In addition, the method can fracture cells
releasing antigens locally within the tissue stroma, inducing a
cell mediated response associated with the release of cytok-
ines and attraction of helper and killer T cells to the sampled
tissue area.

Advantageously, the method of the present invention auto-
inoculates a patient with viral particles of the specific viral
serotype(s) that the patient is infected with. In contrast, cur-
rent vaccine strategies are effective on a subset of HPV
strains. For example, GARDASIL® by Merck & Co., Inc. is
indicated to help prevent cervical cancer, precancerous and
low-grade cervical lesions, vulvar and vaginal pre-cancers
and genital warts caused by human papillomavirus (HPV)
types 6, 11, 16 and 18, and Cervarix T® by GlaxoSmithKline
is an HPV 16/18 cervical cancer candidate vaccine. The vac-
cine is commonly injected in a limb, not the target organ at
risk, the cervix, and has been only documented to elicit a
humoral antibody immune reaction.

Drug Application

In some embodiments, an adjuvant drug or an immune
modulating agent is used in combination with the autoinocu-
lation method, thus augmenting an immune response. For
example, Imiquimod (Aldara® topical cream, manufactured
and marketed by Graceway Pharmaceutical Company) is
approved for the treatment of actinic keratosis, external geni-
tal warts and superficial basal cell carcinoma (sBCC), a type
of skin cancer. An immune response can be enhanced by
using such immune modulating agents in combination with
autoinoculation by the methods described herein. The adju-
vant drug can be applied to the fenestrated loop fibers directly
akin to toothpaste on a toothbrush, or a channel within the
applicator can be used to transmit the drug from the top of the
handle by means of a squeeze bulb or syringe, through a small
lumen in the center of the fabric disc, concomitant with the
tissue disruption, delivering drug into the fracture crevices
created during the frictional buckling and shearing process
created by the device.

Some embodiments comprise a method of drug delivery to
a pathological lesion or areas of tissue that concomitantly
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disrupts tissue planes, creating crevices or pathways for drugs
to enter via intra-epithelial and sub-epithelial spaces. This is
in contrast to topical therapies, which are slowly absorbed
into and through the epithelia. Intra-lesional application is
more focused and requires less drug, presenting less risk of
side effects.

Any type of drug (e.g., ablative, antibiotic, antiseptic,
immune modulating, etc.) can be used.

In some embodiments, drug is delivered via an applicator
comprising a fabric with fenestrated loops as described
herein. Drug is applied in a manner akin to applying tooth-
paste to atoothbrush, or drug can injected onto the platform or
the apparatus via a channel leading through a hollow appli-
cator handle. The drug application apparatus can optionally
have an element through which the drug is delivered (e.g., a
syringe with a locking mechanism). Drug is applied to a
“wound” created by frictionally agitating the tissue. In some
embodiments, the fenestrated loops can be impregnated with
a drug during manufacture, wherein the drug leeches out into
the disrupted tissue when the fiber contacts and macerates/
disrupts the tissue.

While the present invention has been described in some
detail for purposes of clarity and understanding, one skilled in
the art will appreciate that various changes in form and detail
can be made without departing from the true scope of the
invention. All figures, tables, and appendices, as well as pat-
ents, applications, and publications, referred to above, are
hereby incorporated by reference.

In another embodiment of the invention, a Radio Fre-
quency [Dentification (RFID) tag is imbedded in one or more
of: the head of the FTSC device, the handle of the FTSC
device, or a wrist bracelet worn by the clinician. In an embodi-
ment of the invention, the RFID tag is used to identify the
FTSC head device and thereby determine the parameters
under which the FTSC device was used. In one embodiment
of the invention, the RFID tag operates using an Ultra High
Frequency (UHF) signal. In another embodiment of the
invention, the RFID tag operates using a microwave fre-
quency signal.

In an embodiment of the present invention, a RFID reader
is present in the operating theater which can then read the
RFID tags in the individual FTSC devices. In an embodiment
of'the invention, the RFID reader can be positioned so that the
RFID tag antenna is least affected by any conducting mate-
rial.

In one embodiment, the RFID tag is read-only. In another
embodiment, the RFID tag contains an Electrically Erasable
Programmable Read-Only Memory (EPROM), which
enables both read and write functions. In an embodiment of
the invention, the RFID tag is passive. In another embodiment
of the invention, the RFID tag is semi-passive, containing a
source of energy such as a battery to allow the tag to be
constantly powered. In a further embodiment of the invention,
the RFID tag is active, containing an internal power source,
such as a battery, which is used to power any Integrated
Circuits (ICs) in the tag and generate the outgoing signal.

In another embodiment, the tag has the ability to enable
location sensing through a photo sensor.

In one embodiment of the invention, means of communi-
cation with a base station is embedded in the FTSC device.

In one embodiment of the invention, the communication
means utilizes one or more of a wireless local area network; a
wireless wide area network; a cellular network; a satellite
network; a Wi-Fi network; and a pager network. In one
embodiment of the invention, a modem capable of commu-
nicating with one or more of the aforementioned networks is
embedded inthe FTSC device. Inthe following discussion the
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term ‘cellular modem” will be used to describe the device
embedded. The term ‘cellular modem’ will be herein used to
identify any device of comparable size capable of communi-
cating over one or more of the aforementioned networks.

In one embodiment of the invention, the cellular modem
can be a Code Division Multiple Access (CDMA) modem. In
an embodiment of the invention, a RFID reader and associate
integrated circuit processor can be embedded together with
the cellular modem in the FTSC device. In such an embodi-
ment, the RFID tags and RFID reader can be positioned to
optimize the RFID read of the RFID tags from the available
devices.

In an embodiment of the invention, a system for using and
monitoring an FTSC device during a surgical procedure,
comprises an FTSC head and handle, a comb for removing
the tissue from the FTSC head, and a means for rotating the
FTSC handle. The means for turning the FTSC head can
include an automated device. The FTSC rotating device can
include an input module for selecting parameters for use with
the FTSC device, wherein the input module selects param-
eters based at least in part on the FTSC head device selected,
a sensor for monitoring the FTSC head rotating velocity, a
processor for comparing the rotational velocity of the FTSC
head and the selected parameters and automatically adjusting
the FTSC head rotation velocity when the comparison indi-
cates an increased or decreased head rotation is required. The
input module can receive audio, tactile or visual feedback to
adjust the FTSC device during the surgical procedure.

In an embodiment of the invention, the FTSC device can be
applied in any surgical, scientific, crime investigation or vet-
erinary application that requires the use of a regulated con-
stant or variable rotating tissue sampler. This can include
laboratory equipment that requires tissue sampling, storage
or any other clinical procedure.

A method for simultaneously dilating a cervix and obtain-
ing a transformation zone biopsy with minimal discomfort to
apatient comprising selecting a FTSC head with a facet in the
FTSC head, wherein the FTSC head is received in a handle,
wherein the FTSC head is selected to dilate the cervix without
causing discomfort to the patient. Inserting the head of the
FTSC device into the non-dilated cervix to a depth that does
not cause discomfort to the patient. Waiting for the cervix to
atleast partially dilate. Further inserting the head of the FTSC
device into the partially dilated cervix to a depth that does not
cause discomfort to the patient. Incrementally repeating these
steps until the facet at least partially rests against the trans-
formation zone. Rotating in a first direction one or both the
handle and the FTSC head to frictionally abrade the transfor-
mation zone. Removing the FTSC head from the cervix.
Using a comb to remove tissue from the cervix by brushing
the head in a second direction, wherein the second direction is
opposite of the first direction. Depositing the tissue removed
from combing the head in a fixing solution.

A device for obtaining a biopsy tissue sample comprising a
head with a proximal end, a distal end, wherein the head has
a first maximum diameter. Further comprising a facet extend-
ing from the distal surface of the head, wherein the facet has
a surface contour, wherein the surface contour has a second
maximum diameter, wherein the second maximum diameter
is at least 1 mm less than the first maximum diameter, wherein
the perimeter of the facet has a railing, wherein the railing can
be used to form a pool of adhesive prior to the adhesive being
cured. Further comprising a handle with a proximal and a
distal end, wherein the proximal end of the head is connected
to the distal end of the handle. Also comprising an abrasive
material, wherein the abrasive material is adhered to the facet
with the adhesive.
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A device for obtaining a biopsy tissue sample comprising a
head with a proximal end, a distal end and a handle with a
proximal end and a distal end, wherein the proximal end of the
head is connected to the distal end of the handle. The device
further comprising a facet associated with the distal surface of
the head, wherein the facet has a surface contour, wherein a
plurality of loops extend from the surface of the facet,
wherein the plurality of loops are secured to the facet,
wherein when the device is in contact with tissue and rotated
the plurality of loops frictionally abrade the tissue to obtain a
biopsy sample, wherein the plurality of loops are made of the
same material as the facet.

The foregoing description of embodiments of the methods,
systems, and components of the present invention has been
provided for the purposes of illustration and description. It is
not intended to be exhaustive or to limit the invention to the
precise forms disclosed. Many modifications and variations
will be apparent to one of ordinary skill in the relevant arts.
For example, steps performed in the embodiments of the
invention disclosed can be performed in alternate orders,
certain steps can be omitted, and additional steps can be
added. The embodiments were chosen and described in order
to best explain the principles of the invention and its practical
application, thereby enabling others skilled in the art to
understand the invention for various embodiments and with
various modifications that are suited to the particular used
contemplated. Other embodiments are possible and are cov-
ered by the invention. Such embodiments will be apparent to
persons skilled in the relevant art(s) based on the teachings
contained herein. The breadth and scope of the present inven-
tion should not be limited by any of the above-described
exemplary embodiments, but should be defined only in accor-
dance with the following claims and their equivalents.

What is claimed is:

1. A device for obtaining a biopsy tissue sample compris-
ing:

(a) ahandle including a rod with a first proximal end and a
first distal end, where the rod has a first principal axis of
rotation, where the first principal axis of rotation inter-
sects with both the first proximal end of the rod and the
first distal end of the rod;

(b) a head including a cone tapering from a second proxi-
mal end to a second distal end such that a line that
follows a two dimensional projection of the cone taper
from the second proximal end to the second distal end is
not parallel with the first principal axis, where the head
is attached to the first distal end of the rod;

(c) one or more facets associated with the head, where a
first facet of the one or more facets has a surface contour
that differs from the contour of the head, where the
surface contour of said first facet has a positive radius of
curvature, where the first facet is cut at an angle relative
to the first principal axis of rotation of the rod of
between:

a lower limit of approximately 2 degrees; and
an upper limit of approximately 30 degrees; and

(d) an abrasive material made up of fenestrated loops,
where the abrasive material is attached to at least the first
facet.

2. The device of claim 1, where the first facet has a second
principal axis of rotation, where the second principal axis of
rotation is parallel with the first principal axis of rotation of
the rod.

3. The device of claim 2, where the second principal axis of
rotation is coincident with the first principal axis of rotation.
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4. The device of claim 1, where the first facet is cut at an
angle relative to the first principal axis of rotation of the rod of
between:

a lower limit of approximately 3 degrees; and

an upper limit of approximately 9 degrees.

5. The device of claim 1, where the first facet has a shape
selected from the group consisting of pear-shaped, triangular,
diamond and hybrid diamond-pear-shape.

6. The device of claim 1, where a length of a first facet
major axis is between:

a lower limit of approximately 4x10~> m; and

an upper limit of approximately 3x107> m.

7. The device of claim 1, where the first facet extends to the
second distal end of the cone.

8. The device of claim 1, where a radius of curvature of the
head is between:

a lower limit of approximately 5x10~* m; and

an upper limit of approximately 5x107> m.

9. The device of claim 1, where the cone has a perimeter at
the second distal end and a perimeter at the second proximal
end, where the perimeter at the second distal end of the cone
is smaller than the perimeter at the second proximal end of the
cone.

10. The device of claim 1, where the first facet has a
perimeter, where the perimeter has a railing, where the railing
can be used to form a pool of adhesive prior to the adhesive
being cured.

11. The device of claim 10, where the pool of adhesive is
used to attach the abrasive material onto the first facet.

12. The device of claim 11, where the pool of adhesive
holds the abrasive material intact on the first facet.

13. A device for obtaining a biopsy tissue sample compris-
ing:

(a) ahandle including a rod with a first proximal end and a
first distal end, where the rod has a first principal axis of
rotation, where the first principal axis of rotation inter-
sects with both the first proximal end of the rod and the
first distal end of the rod;

(b) a head including a cone tapering from a second proxi-
mal end to a second distal end such that a line that
follows a two dimensional projection of the cone taper
from the second proximal end to the second distal end is
not parallel with the first principal axis, where the head
is attached to the first distal end of the rod;

(c) one or more facets associated with the head, where a
first facet of the one or more facets has a surface contour
that differs from the contour of the head, where the
surface contour of said first facet has a negative radius of
curvature, where the first facet is cut at an angle relative
to the first principal axis of rotation of the rod of
between:

a lower limit of approximately 2 degrees; and
an upper limit of approximately 30 degrees; and

(d) an abrasive material, where the abrasive material is
attached to at least the first facet.

14. The device of claim 13, where the first facet has a shape
selected from the group consisting of pear-shaped, triangular,
diamond and hybrid diamond-pear-shape.

15. The device of claim 13, where a length of a first facet
major axis is between:

a lower limit of approximately 4x10~> m; and

an upper limit of approximately 3x1072 m.

16. The device of claim 13, where a radius of curvature of
the head is between:

a lower limit of approximately 5x10~* m; and

an upper limit of approximately 5x107> m.
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17. A device for obtaining a biopsy tissue sample compris- a lower limit of approximately 2 degrees; and
ing:
(a) ahandle including a rod with a first proximal end and a
first distal end, where the rod has a first principal axis of
rotation, where the first principal axis of rotation inter- 5

an upper limit of approximately 30 degrees; and

(d) an abrasive material, where the abrasive material is
attached to the facet.

sects with both the first proximal end of the rod and the 18. The device of claim 17, where the facet has a shape
first distal end of the rod; selected from the group consisting of pear-shaped, triangular,
(b) a head defining a convex curved contour and including diamond and hybrid diamond-pear-shape.

a cone tapering from a second proximal end to a second
distal end such that a line that follows a two dimensional
projection of the cone head taper from the second proxi-
mal end to the second distal end is not parallel with the
first principal axis, where the head is attached to the first an upper limit of approximately 3x1072 m.

distal end of the rod; 20. The device of claim 17, where a radius of curvature of

(c) a facet associated with the head, where the facet has a 15 the head is between:

flat surface contour that differs from the convex curved
contour of the head, where the facet is cut at an angle
relative to the first principal axis of rotation of the rod of
between: k% & %

19. The device of claim 17, where a length of a facet major
10 axis is between:

a lower limit of approximately 4x10~> m; and

a lower limit of approximately 5x10~* m; and
an upper limit of approximately 5x107> m.



